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Abstract 

Objective: To analyze the association between clinical/epidemiological characteristics and outcomes of 
tuberculosis treatment in patients with concomitant tuberculosis and chronic kidney disease (CKD) in Brazil. 
Methods: We used the Brazilian Ministry of Health National Case Registry Database to identify patients with 
tuberculosis and CKD, treated between 2007 and 2011. The tuberculosis treatment outcomes were compared 
with epidemiological and clinical characteristics of the subjects using a hierarchical multinomial logistic 
regression model, in which cuTe was the reference outcome. Results: The prevalence of CKD among patients 
with tuberculosis was 0.4°/o (95% CI: 0. 37-0.42%). The sample comprised 1,077 subjects. The outcomes were 
cure, in 58%; treatment abandonment, in 7%; death from tuberculosis, in 13%; and death from other causes, in 
22%. The characteristics that differentiated the ORs for treatment abandonment or death weTe age; alcoholism; 
AIDS; previous noncompliance with treatment; transfer to another facility; suspected tuberculosis on chest 
X-ray; positive results in the first smear microscopy; and indications for/use of directly observed treatment, 
short-course strategy. Conclusions: Out data indicate the importance of sociodemographic characteristics for 
the diagnosis of tuberculosis in patients with CKD and underscore the need for tuberculosis control strategies 
targeting patients with chronic noncommunicable diseases, such as CKD. 

Keywords: Tuberculosis/epidemiology; Renal insufficiency, chronic/epidemiology; Risk factors; Logistic models. 

Resumo 

Objetivo: Analisar a associacao de caracteristicas clinicas e epidemiologicas de indivi'duos com tuberculose e 
doenca renal cronica (DRC) com os desfechos do tratamento da tuberculose no Brasil. Metodos: Entre 2007 e 
2011, foram selecionados indivi'duos com DRC e tuberculose utilizando o Sistema de lnformacao de Agravos de 
Notificacao do Ministerio da Saude do Brasil. Foram comparados os desfechos do tratamento da tuberculose 
com caracteristicas ch'nicas e epidemiologicas dos pacientes por um modelo hierarquico de regressao logistica 
multinomial, no qual cura foi o desfecho de referenda. Resultados: A prevalencia de DRC entre os casos de 
tuberculose foi de 0,4% (lC95°/o: 0,37-0,42%). A amostra incluiu 1.077 indivi'duos, cujos desfechos do tratamento 
da tuberculose foram os seguintes: cura, em 58%; abandono do tratamento, em 7%; obito por tuberculose, em 
13%; e obito poT outras causas, em 22%. As caracteristicas que diferenciam as OR de abandono do tratamento e de 
obito foram idade; alcoolismo; AIDS; abandono previo; transferencia para outra unidade de tratamento; suspeita 
de tuberculose em radiografia de torax; baciloscopia inicial positiva; e indicacao ou realizacao de tratamento 
diretamente observado. Conclusoes: Os dados apontam para a importancia das caracteristicas sociodemograficas 
na determinacao da tuberculose em indivi'duos com DRC e reforcam a necessidade de estrategias de controle 
da tuberculose direcionadas a pacientes com doencas cronicas nao transmissfveis, como a DRC. 

Descritores: Tuberculose/epidemiologia; lnsuficiencia renal cronica/epidemiologia; Fatores de risco; 
Modelos logi'sticos. 
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Introduction 

Chronic kidney disease (CKD) is already considered 
a pandemic.'" In view of the radical changes in 
habits and lifestyle, as well as of the aging of the 
population, all of which occurred mainly in the late 
20th century and early 21st century, the rates of 
CKD-related morbidity and mortality have increased 
significantly and are expected to continue to grow 
in the years to come."- 21 

Patients with CKD have a weakened immune 
system as a result of the chronic inflammatory 
state caused by renal replacement therapies, as 
well as of CKD itself and other comorbidities. 13 ' 
Therefore, patients with CKD, regardless of being on 
renal replacement therapy, are more susceptible to 
infectious diseases,' 41 among which is tuberculosis. 

Tuberculosis is also recognized as a global 
public health problem, the control of which has 
been a challenge to various governmental and 
non-governmental organizations worldwide. (5,6) 
In recent years, Brazil has seen a decrease in the 
number of tuberculosis cases, in tuberculosis 
incidence rates, and in mortality from tuberculosis. 
The country has also made advances in the 
detection of the disease and in the management 
of cases of co-infection with HIV and drug 
resistance. However, there are still major obstacles 
that make it impossible for Brazil to eliminate 
tuberculosis, such as limitations in contact 
investigation and in diagnosing tuberculosis 
in primary care, as well as the low cure rate 
among the patients treated.' 781 

Patients with CKD are recognized to be at 
increased risk for tuberculosis and, because of 
their state of immunosuppression, they also have 
poor outcomes during treatment.' 51 In Brazil, there 
is a large and growing population of subjects 
with chronic noncommunicable diseases, among 
which is CKD, as well as a high prevalence of 
tuberculosis in the general population and in 
high-risk groups.' 9101 

Therefore, in view of the convergence of these 
two pandemics and the evidence of occurrence 
of poor outcomes in this population, we believe 
that investigations on the subject have not yet 
been exhausted and that studies are needed to 
identify the characteristics related to unfavorable 
outcomes, taking the differences among the 
possible outcomes into consideration, given 
that such outcomes imply control measures 
with different degrees of complexity. 



The objective of the present study was 
to examine the association between clinical/ 
epidemiological characteristics and outcomes of 
tuberculosis treatment in patients with concomitant 
tuberculosis and CKD by using multivariate analysis 
and multinomial logistic regression. 

Methods 

The Sistema de Informacao de Agravos de 
Notificacao (S1NAN, National Case Registry 
Database) is one of the health surveillance 
systems of Brazil, having been developed in 
the 1990s with the purpose of collecting and 
disseminating information that, in cases of 
tuberculosis, include sociodemographic data, 
health history, and characteristics of the disease 
and its treatment."" Analysis of completeness 
and quality of the information generated have 
been carried out over the years, this database 
being considered an important and reliable 
source of information." 21 

Between 2007 and 2011, a total of 432,958 
tuberculosis cases were reported to the SINAN 
in Brazil, and of those patients, 1,716 were 
reported as also having CKD (TB-CKD). Therefore, 
tuberculosis treatment outcomes (cure, treatment 
abandonment, death from tuberculosis, and 
death from other causes) were compared with 
clinical/epidemiological characteristics in TB-CKD 
patients. The TB-CKD patients for whom 
treatment completion status was inconclusive 
(unknown, transfer, or change in diagnosis) or 
who developed multidrug resistant tuberculosis 
were excluded from the study. 

A TB-CKD patient was defined as that for whom 
the field called "other comorbidities" in the SINAN 
database was filled with words describing CKD, 
regardless of its stage. Therefore, the following 
descriptions were found and included: chronic 
kidney disease; chronic renal failure; chronic 
nephropathy; chronic glomerulonephritis; chronic 
renal patient; hemodialysis; renal transplantation; 
kidney transplantation; dialysis-induced renal 
failure; and renal patient on dialysis. 

The sociodemographic variables were as 
follows: gender (female/male); age (< 20 
years/20-39 years/40-59 years/> 60 years); 
race (White/Black/Mulatto/others); years of 
schooling (0 years [illiterate]/ 1 -4 years/5-8 
years/9-12 years/> 12 years/not applicable); 
residence (urban or peri-urban/rural); and 
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institutionalization (no/prison/nursing home/ 
orphanage/psychiatric hospital /others). 

Health history included presence/absence 
of alcoholism, diabetes mellitus, mental illness, 
AIDS, and renal transplantation. In addition, we 
analyzed the following variables related to the 
characteristics of tuberculosis and its treatment: 
type of case (new case/recurrence/readmission 
after treatment abandonment/transfer); tuberculin 
skin testing (negative/weakly positive/strongly 
positive); chest X-ray (normal/suspicious); initial 
smear (sputum or other samples; negative/positive); 
follow-up smear at 2 months (sputum; negative/ 
positive); culture (sputum or other samples; 
negative/positive); histopathological examination 
(positive for AFB/ suggestive of tuberculosis/ 
not suggestive of tuberculosis); presentation 
of tuberculosis (pulmonary/extrapulmonary/ 
pulmonary + extrapulmonary); occupational 
disease (yes/no); indications for directly observed 
treatment, short-course strategy (DOTS; yes/no); 
and use of DOTS (yes/no). 

Proportions were compared with Pearson's 
cbi-square test or the likelihood ratio, and 
the variables associated with the outcome 
of interest (p < 0.10) were included in the 
hierarchical multinomial logistic regression 
model. Multinomial logistic regression is useful 
for modeling probabilities of multiple category 
outcomes simultaneously." 31 In the present 
analysis, "cure" was the reference category 
for the response variable, being compared 
with the other categories (cure vs. treatment 
abandonment; cure vs. death from tuberculosis; 
and cure vs. death from other causes). 

On the basis of a conceptual model for the 
diagnosis of tuberculosis" 41 and to account for 
the interrelationships among the determinants 
of tuberculosis," 51 we defined three hierarchical 
levels: level 1, sociodemographic variables; 
level 2, variables kept at level 1 (p < 0.10) and 
comorbidities; and level 3, variables kept at 
level 2 (p < 0. 10) and variables related to the 
characteristics of tuberculosis. Results are expressed 
as OR and 95°/o CI. The analyses were performed 
with the STATA statistical program, version 1 2.0 
(StataCorp LP, College Station, TX, USA). 

The present study was approved by the 
Research Ethics Committee of the Federal 
University of Espirito Santo Health Sciences 
Center (Protocol no. 121/06). 



Results 

Between 2007 and 2011, the prevalence of 
CKD among the tuberculosis cases reported to 
the S1NAN was 0.4% (95% CI: 0.37-0.42%). 

In the present study, 1,077 TB-CKD patients 
were evaluated. The outcomes in this sample 
were as follows: cure, in 628 patients (58.3%); 
treatment abandonment, in 79 (7.4%); death 
from tuberculosis, in 137 (12.7%); and death 
from other causes, in 233 (21.6%). Only 1 patient 
developed multidrug resistant tuberculosis and 
was therefore excluded from the subsequent 
analyses. We also excluded 638 patients with the 
following outcomes: unknown, in 476; transfer, 
in 145; and change in diagnosis, in 17. 

The proportion of patients classified as cured 
after tuberculosis treatment was lower among those 
aged 60 years or older (p < 0.001). In contrast, 
no significant differences were found in the 
distribution of gender, race, level of education, 
or residence for each outcome (Table 1). 

Table 2 shows that death from tuberculosis 
and death from other causes were high among 
patients identified as alcoholics (24.1% and 
31.0%, respectively). Diabetes mellitus, mental 
illness, and AIDS were less prevalent comorbidities 
among those who achieved cure. 

The main clinical characteristics of tuberculosis 
and its treatment can be found in Table 3. 

Among those patients who were readmitted 
to treatment after having abandoned it, the 
outcomes were cure, in 22.6%; treatment 
abandonment, in 32.2%; death from tuberculosis, 
in 22.6%; and death from other causes, in 
22.6% (p < 0.001). 

Significant differences were found in the 
distribution of disease presentation among the 
treatment outcomes (p = 0.004). The proportion 
of patients with concomitant pulmonary and 
extrapulmonary tuberculosis among those who 
were cured (46.4%) was lower than was that of 
patients with pulmonary tuberculosis and that 
of patients with extrapulmonary tuberculosis 
(58.4% and 60.4%, respectively). 

There was a difference in the distribution of 
proportions for indications for and for use of 
DOTS (p = 0.005 and p = 0.029, respectively). 

For the multivariate analysis and multinomial 
logistic regression, the hierarchical model 
was defined as follows: level 1, age; level 2, 
diabetes, alcoholism, mental illness, AIDS, and 
renal transplantation; and level 3, type of case, 
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chest X-ray, initial smear, disease presentation, 
indications for DOTS, and use of DOTS. The 
tuberculin skin test variable, although statistically 
significant, was not included in the model because 
of the low proportion of tests performed. 

The main findings of this analysis can 
be found in Table 4. The OR for treatment 
abandonment in relation to cure was found to 
be lower in TB-CKD patients aged 60 years or 
older (OR = 0.28; 95% CI: 0.10-0.74) than in 
those younger than 20. Alcoholism was associated 
with death from tuberculosis in relation to cure 
(OR = 3.38; 95% CI: 1.63-6.97) and with death 
from other causes in relation to cure (OR = 2.30; 
95% CI: 1.18-4.47). The presence of AIDS was 
also associated with death from other causes in 
relation to cure (OR = 3.32; 95% CI: 1.68-6.58). 



In cases of readmission after treatment 
abandonment, as compared with new cases 
(reference), the OR for abandonment in relation 
to cure was 16.08 (95%: 5.41-47.82) and that 
for death from tuberculosis in relation to cure 
was 4.82 (95% CI: 1.53-15.21). 

In patients with indications for DOTS, the 
OR for abandonment in relation to cure was low 
(OR = 0.33; 95% CI: 0.12-0.92), whereas the 
OR for death from other causes in relation to 
cure was high (OR = 1.71; 95% CI: 1.03-2.85). 
In contrast, in those who received DOTS, the 
OR for death from tuberculosis in relation to 
cure was lower (OR = 0.44; 95% CI: 0.22-0.90), 
even after controlling for the other variables 
included in the model. 



Table 1 - Sociodemographic characteristics of patients with chronic kidney disease who are reported as having 
tuberculosis on the National Case Registry Database, by tuberculosis treatment outcome, Brazil, 2007-201 1. a 



Characteristic 



Outcome 

Cure Treatment Death from Death from 
abandonment TB other causes 



Gender 


(n = 1,077) 












Female 




218 (58.6) 


35 (9.4) 


48 (12.9) 


71 (19.1) 


0.167 


Male 




410 (58.2) 


44 (6.2) 


89 (12.6) 


162 (23.0) 


Age, years 


(n = 1,076) 












< 20 




16 (57.2) 


8 (28.6) 


2 (7.1) 


2 (7.1) 




20-39 




184 (67.7) 


25 (9.2) 


20 (7.3) 


43 (15.8) 


< 0.001 


40-59 




299 (59.9) 


28 (5.6) 


64 (12.8) 


108 (21.7) 


> 60 




129 (46.6) 


18 (6.5) 


50 (18.0) 


80 (28.9) 




Race 


(n = 968) 












White 




291 (60.8) 


30 (6.3) 


50 (10.4) 


108 (22.5) 




Black 




100 (60.6) 


15 (9.1) 


19 (11.5) 


31 (18.8) 


0.438 


Mulatto 




173 (55.5) 


21 (6.7) 


46 (14.7) 


72 (23.1) 


Others 




7 (58.3) 


0 (0.0) 


3 (25.0) 


2 (16.7) 




Years of schooling 


(n = 610) 












0 (illiterate) 




21 (60.0) 


3 (8.6) 


4 (11.4) 


7 (20.0) 




1-4 




122 (59.8) 


1 5 (7.4) 


25 (12.2) 


42 (20.6) 




5-8 




114 (62.0) 


17 (9.2) 


17 (9.2) 


36 (19.6) 


0.770 


9-12 




76 (66.1) 


8 (7.0) 


13 (11.3) 


18 (15.6) 


> 12 




44 (75.9) 


2 (3.4) 


4 (6.9) 


8 (13.8) 




N/A 




8 (57.1) 


2 (14.3) 


0 (0.0) 


4 (28.6) 




Residence 


(n = 816) 












Urban 




455 (59.3) 


59 (7.7) 


94 (12.2) 


1 60 (20.8) 


0.893 


Rural 




29 (60.4) 


4 (8.3) 


7 (14.6) 


8 (16.7) 


Institutionalization 


(n = 1,032) 












No 




580 (58.9) 


69 (7.0) 


123 (12.5) 


213 (21.6) 


0.380 


Yes 




25 (53.2) 


5 (10.6) 


9 (19.2) 


8 (17.0) 



TB: tuberculosis. aValues expressed as n (%). "Pearson's clii-square test. 
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Table 2 - Comorbidities of patients with chronic kidney disease who are reported as having tuberculosis on 
the National Case Registry Database, by tuberculosis treatment outcome, Brazil, 2007-201 1." 



Characteristic 






Cure 


Outcome 

Treatment Death from 
abandonment TB 


Death from 
other causes 


P 


Al/*nn nlicivi 
r\ICL}[ IUIIMI 1 


fn 




















c/o (en i ) 


62 (6.8) 


108 (11.9) 






1 cs 








2 (3.5) 


14 (24.1) 


1 o \J 1 .UJ 




Til "1 r*P+PC 


fn 

in 


— Q7Q^ 


















H-/ I ^OU.OJ 


48 (6.2) 


95 (12.3) 


i fin tin 7l 


n nt;n* 

U.UDU 


1 CS 






1 m fc.n 9l 
i uj yivj.L) 


18 (8.8) 


30 (14.6) 


c/1 foe 




VI C 1 1 Ld 1 INI 1 Lii 


fn 


= 965) 


















CCA ( C.Q 9l 


65 (6.8) 


119 (12.5) 


f9 1 Rl 
ZUD ^Z 1 .DJ 


u.uzz 


Yes 








1 (8.3) 


0 (0.0) 


7 (58 4l 




AIDS 


(n 


= 901) 












No 






512 (59.0) 


53 (6.2) 


108 (12.7) 


181 (21.2) 


0.016* 


Yes 






19 (40.4) 


3 (6.4) 


6 (12.8) 


1 9 (40.4) 




RT 


(N = 


= 1.077) 












No 






493 (56.5) 


68 (7.8) 


119 (13.7) 


192 (22.0) 


0.065* 


Yes 






135 (65.8) 


11 (5.4) 


18 (8.8) 


41 (20.0) 





TB: tuberculosis; and RT: renal transplantation. "Values expressed as n (°/o). "Pearson's chi-square test. ""Likelihood ratio 

Discussion 



The relationship between tuberculosis and 
CKD has been studied over the years." 618 ' The 
higher risk for developing tuberculosis among 
patients with end-stage CKD has been described 
in several studies, with this risk being up to 37 
times higher in those for whom the mode of renal 
replacement therapy is transplantation and 10 
to 25 times higher in those on hemodialysis.' 5,161 
However, we know of no studies that have 
evaluated the prevalence of CKD, regardless of 
the use of renal replacement therapy, among 
patients with active tuberculosis. 

The fact that associations between 
tuberculosis, which is a longstanding global 
public health problem, and CKD, which is one of 
the new challenges of this century, were evaluated 
in the present study underscores its importance 
and relevance. However, some limitations should 
be considered. The prevalence of TB-CKD patients 
might have been underestimated because 
recording this information is not mandatory 
and depends on patient reporting at the time 
of registry, and therefore there is the possibility 
of a classification bias, through which patients 
with CKD could have been classified as not 
having CKD. However, it is also important to 



emphasize that this does not affect the observed 
associations, given that reporting of CKD is not 
related to the study variables. 

Although studies have emphasized that 
S1NAN is a reliable source of information on 
tuberculosis, those studies indicate that there 
are limitations in completeness of variables and 
that there is underreporting of tuberculosis 
cases and deaths from tuberculosis. " 2 ' 19,20) 
We also found that there were patients for 
whom information on some study variables 
was missing or inconsistent, and we decided 
not to exclude such variables because of the 
statistical power of the study. 

Our results showed that the characteristics 
associated with treatment abandonment were 
age, readmission to treatment after having 
abandoned it, and indications for DOTS. The 
characteristics associated with death from 
tuberculosis were alcoholism, readmission to 
treatment after having abandoned it, suspected 
tuberculosis on chest X-ray, and use of DOTS. 
The characteristics that differentiated the OR 
for death from other causes in relation to 
cure were age, alcoholism, AIDS, transfer to 
another facility, a positive initial smear, and 
indications for DOTS. 
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Table 3 - Clinical characteristics of patients with chronic kidney disease who are reported as having 
tuberculosis on the National Case Registry Database, by tuberculosis treatment outcome, Brazil, 2007-2011." 

Characteristic Outcome p 

Cure Treatment Death from Death from 









abandonment 


TB 


other causes 




Type of case 


(n = 1,077) 












New case 




541 (58.1) 


58 (6.2) 


120 (12.9) 


212 (22.8) 




Recurrence 




30 (58.8) 


7 (13.7) 


5 (9.8) 


9 (17.7) 




Readmission after treatment 
abandonment 


7 (22.6) 


10 (32.2) 


7 (22.6) 


7 (22.6) 


< 0.00 r* 


Unknown 




1 (20.0) 


1 (20.0) 


1 (20.0) 


2 (40.0) 




Transfer 




49 (83.0) 


3 (5 11 


4 (6 81 


3 (5 1) 




Tuberculin skin testing 


(n = 236) 












Negative 




69 (58 Ol 


8 (6 7l 


1 5 (1 2.6) 


27 (22 7) 

Z. / (Z. Z. . / J 




Weakly positive 




14 (66.7) 


0 (0.0) 


4(190) 


3 (14 31 


<. U.UU I 


Strongly positive 




77 (80.2) 


10 (10.4) 


3 (3 11 


6 (6 31 




Chest X-ray 


(n = 922) 












Normal 




1 1 8 (66 3) 
420 (56.4) 


1 5 (a 4l 

57 (7 7l 


R (4 5l 
109 (14.7) 


37 (?n Rl 

J / ^Z,L/.(J J 

158 (21.2) 


0.003* 


Initial SM 


(n = 674) 












Negative 
Positive 




178 (52.8) 
215 (63.8) 


24 (7 11 
22 (6.5) 


49 (14 5) 
52 (15.4) 


86 (25.5) 
48 (14.3) 


0.002* 


SM at 2 months 


(n = 1 57) 












Negative 




118 (83.1) 


5 (3 5) 


4 (2 81 


1 5 (10.6) 


0.197** 


Positive 




14 (93 3) 


0 (0.0) 


1 (6 71 


0 (0.0) 


Culture 


(n = 247) 












Negative 




61 (62 91 


4 (4 11 


13 ( 1 3 4l 


19 (19.6) 


0.711* 


Positive 




94 (62.7) 


11 (7 3) 


16 (10.7) 


29 (19.3) 


Histopathology 


(n = 270) 












Positive for AFB 




39 (70.9) 


1 (1 81 


4 (7 31 


1 1 (20 01 




Suggestive 




1 22 (61 31 

1 Z. Z- \ \J 1 ■ -J I 


18 (9 11 

i o \p. 1 ) 


1 5 (7 5) 


44 (22.1) 


U. I 


Not suggestive 




7 (43 81 


1 (6 21 


4 (25.0) 


4 (25.0) 




Presentation 


(N = 1.077) 












Pulmonary 




320 (58 4) 


47 (8.6) 


79 (14 4) 


102 (18 61 

1 \J Zj ^ 1 U.UJ 




Extrapulmonary 




269 (60 4) 


29 (6.5) 


43 (9 7) 


104 (23 4l 


U.UUH- 


Pulmonary + extrapulmonary 


39 (46.4) 


3 (3.6) 


15 (17.9) 


27 (32.1) 




Occupational disease 


(n = 692) 












No 




410 (59.9) 


57 (8.3) 


81 (11.9) 


136 (19.9) 


0.268** 


Yes 




3 (37.5) 


0 (0.0) 


2 (25.0) 


3 (37.5) 


DOTS-i 


(n = 983) 












No 
Yes 




374 (59.4) 
219 (62.0) 


59 (9.4) 
12 (3.4) 


74 (11.7) 
41 (11.6) 


123 (19.5) 
81 (23.0) 


0.005* 


DOTS-u 


(n = 850) 












No 
Yes 




338 (59.6) 
190 (67.1) 


52 (9.2) 
12 (4.2) 


67 (11.8) 
26 (9.2) 


110 (19.4) 
55 (19.5) 


0.029* 



TB: tuberculosis; SM: smear (sputum or other samples); DOTS-i: indications for directly observed treatment, short- 
course strategy; and DOTS-u: use of directly observed treatment, short-course strategy. "Values expressed as n (°/o). 
'Pearson's chi-square test. "Likelihood ratio. 
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Table 4 - Multivariate analysis and multinomial logistic regression with a hierarchical model of sociodemographic 
and clinical covariates associated with tuberculosis treatment outcomes in patients with chronic kidney 
disease who are reported as having tuberculosis on the National Case Registry Database, by tuberculosis 
treatment outcome, Brazil, 2007-2011. 



Level Characteristic 




Cure-treatment 
abandonment 
OR (950/o CI) 


Cure-death from 
TB 

OR (95% CI) 


Cure-death from 
other causes 
OR (950/0 CI) 


Age, years 


< 20 


Ref. 


Ref. 


Ref. 


1 


20-39 


0.27 (0.10-0.70) 


0.87 (0.19-4.06) 


1.87 (0.41-8.44) 


40-59 


0.19 (0.07-0.48) 


1.71 (0.38-7.63) 


2.89 (0.65-12.77) 




> 60 


0.28 (0.10-0.74) 


3.10 (0.69-14.97) 


4.96 (1.11-22.15) 


Diabetes 


No 


Ref. 


Ref. 


Ref. 




Yes 


1.76 (0.94-3.29) 


1.19 (0.73-1.93) 


1.40 (0.94-2.07) 


Alcoholism 


No 


Ref. 


Ref. 


Ref. 




Yes 


0.60 (0.13-2.78) 


3.38 (1.63-6.97) 


2.30 (1.18-4.47) 


Mental illness 


No 


Ref. 


Ref. 


Ref. 


2 


Yes 


1.25 (0.10-14.74) 


8.19 (— ) 


2.71 (0.73-10.08) 


AIDS 


No 


Ref. 


Ref. 


Ref. 




Yes 


1.53 (0.43-5.45) 


1.74 (0.66-4.59) 


3.32 (1.68-6.58) 


RT 


No 


Ref. 


Ref. 


Ref. 




Yes 


0.64 (0.32-1.27) 


0.66 (0.37-1.15) 


0.99 (0.66-1.49) 


Treatment status 


New case 


Ref. 


Ref. 


Ref. 




Recurrence 


2.27 (0.91-5.69) 


0.96 (0.35-2.64) 


0.94 (0.42-2.10) 




Readmission 
after treatment 
abandonment 
Unknown 


16.08 (5.41-47.82) 
5.41 (0.29-99.49) 


4.82 (1.53-15.21) 
2.67 (0.15-47.80) 


2.62 (0.86-8.03) 
4.28 (0.36-51.29) 




Transfer 


0.61 (0.18-2.10) 


0.46 (0.16-1.36) 


0.18 (0.05-0.62) 


Chest X-ray 


Normal 


Ref. 


Ref. 


Ref. 




Suspicious 


1.02 (0.47-2.20) 


3.07 (1.37-6.89) 


1.33 (0.82-2.17) 


3 Initial SM 


Negative 


Ref. 


Ref. 


Ref. 




Positive 


0.69 (0.35-1.34) 


0.76 (0.46-1.23) 


0.46 (0.29-0.71) 


Presentation 


Pulmonary 


Ref. 


Ref. 


Ref. 




Extrapulmonary 


0.82 (0.42-1.60) 


1.03 (0.61-1.72) 


1.21 (0.81-1.83) 


DOTS-i 


Pulmonary + 

extrapulmonary 

No 


0.56 (0.16-2.00) 
Ref. 


1.48 (0.74-2.96) 
Ref. 


1.69 (0.94-3.05) 
Ref. 




Yes 


0.33 (0.12-0.92) 


1.54 (0.84-2.82) 


1.71 (1.03-2.85) 


DOTS-u 


No 


Ref. 


Ref. 


Ref. 




Yes 


0.84 (0.30-2.37) 


0.44 (0.22-0.90) 


0.57 (0.32-1.00) 



TB: tuberculosis; RT: renal transplantation; SM: smear (sputum); DOTS-i: indications for directly observed treatment, 
short-course strategy; and DOTS-u: use of directly observed treatment, short-course strategy. Hierarchical levels: level 1 
(sociodemographic characteristics); level 2 (variables kept at level 1 + comorbidities); and level 3 (variables kept at level 
2 + characteristics of tuberculosis). 
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The association between aging and poor 
tuberculosis treatment outcomes has been 
described in previous studies, indicating that 
potential comorbidities that occur in the aging 
process play a key role in the prognosis of 
tuberculosis. 12 " The association with death from 
other causes in relation to cure in those TB-CKD 
patients aged 60 years or older confirms the 
importance of comorbidities in this population 
and suggests the possibility of a bidirectional 
relationship between tuberculosis and CKD; 
therefore, CKD affects tuberculosis outcomes 
as tuberculosis affects CKD outcomes, as is true 
for other chronic noncommunicable diseases. 1221 

It is of note that the OR for treatment 
abandonment in relation to cure was lower 
for those over 20 years of age. This finding 
speaks in favor of the quality of care provided 
by nephrology teams in Brazil, who usually 
opt for close monitoring of their patients and 
adopt strategies that promote adherence to 
conservative treatment, dialysis therapies, or 
renal transplantation, the positive results of which 
can be extrapolated to tuberculosis treatment. 1231 

Alcoholism, which is another important and 
frequently studied risk factor for tuberculosis, 15 - 241 
also increased the OR for death from tuberculosis 
and death from other causes in our study, which 
indicates an urgent need for a change in action 
strategies aimed at the control of alcoholism, 
strategies that should be based on measures 
addressing the social determinants of tuberculosis. 1141 

Despite the major advances resulting from 
collaboration between tuberculosis control and 
HIV/ AIDS control programs, 16 ' HIV infection/ 
AIDS continues to increase the risk for poor 
outcomes in patients with tuberculosis, 1251 and 
this was also observed in our study. A recent 
systematic review and meta-analysis suggests 
that, for these patients, tuberculosis treatment 
duration should be extended to more than 8 
months in order to improve outcomes. 1251 

Although we found no statistically 
significant differences in the distribution of 
institutionalization among the outcomes, it 
has been reported that tuberculosis is the 
leading cause of death in the prison population 
in developing countries. 1261 In addition, the 
diagnosis of tuberculosis is usually delayed in 
these subjects, and adherence to treatment is 
extremely difficult. 1271 



In a study conducted in the city of Campinas, 
Brazil, in the 1 990s, the proportions of treatment 
abandonment and death from tuberculosis were 
higher among the patients who were readmitted 
to treatment after having abandoned it than 
they were among the new cases, a result that 
is similar to that found in our study. 1281 

A positive follow-up smear has been 
associated with unfavorable tuberculosis 
treatment outcomes. 1241 This association was 
not observed in our study; however, the large 
number of cases in which follow-up smear 
microscopy was not performed in our sample, 
as well as the fact that approximately 40% of 
the patients had extrapulmonary tuberculosis 
and smear positivity rates are lower for this 
clinical presentation,' 291 might have influenced 
this finding. 

In response to difficulties in adherence to 
tuberculosis treatment and to avoid significant 
consequences on the outcomes of subsequent 
treatment, some strategies have been adopted 
with the aim of influencing the behavior of health 
professionals and the organization of health 
care services, as well as the behavior of those 
suspected of or diagnosed with tuberculosis. 1301 
Although still very controversial, the DOTS strategy 
launched by the World Health Organization 
has achieved positive results, aiding in the 
control of the disease in various parts of the 
world. 15301 In our study population, the OR for 
death from tuberculosis was lower among the 
patients who received DOTS, indicating that 
DOTS reduced the OR for the occurrence of 
negative tuberculosis outcomes. 

Therefore, unfavorable tuberculosis treatment 
outcomes were not found to be related to the 
characteristics of tuberculosis in our study. 
Treatment abandonment and death were associated 
mainly with sociodemographic characteristics 
and health history. 

We believe that, for Brazil, a country 
that has a comprehensive and recognized 
tuberculosis control program, our data 
indicate the importance of sociodemographic 
characteristics for the diagnosis of tuberculosis 
in patients with CKD and underscore the need 
for tuberculosis control strategies targeting 
certain population groups, with special priority 
for patients with chronic noncommunicable 
diseases, such as CKD. 
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